Serial No. 09/528,262 



Page 3 



en. 



with a plurality of rare earth or transition elements. 

7, The LED of claim 14, wherein said substrate is doped 
with a plurality of impurities from /the group consisting of 
chromium, titanium, iron, erbium, Tneodymium, praseodymium, 
europium, thulium, ytterbium and cerium. 



c 



9 . 



A light emitting diode/(LED), comprising: 
an active layer; 
a pair of oppositely doped layers on opposite 
sides of saicj active layer which cause said active 

/directional light at a predetermined 
r^esponse to an electrical bias across 
rs ; and 

bstrate, said active and doped layers 



layer to emi 
wavelength 
said doped 

a doped 




disposed successively on said substrate such that said 



substrate /absorbs at least some of said light from 
/ 

said actifve layer and re-emits omnidirectional light 

/ 

at a different wavelength, said LED emitting a 

/ 

combination of light from said substrate and said 
active layer, wherein said active layer emits yellow 
light and said substrate comprises sapphire doped with 



7 

chjomium, said substrate absorbing some of said yellow 
l /qht and re-emittincr red light. 




14. AXight emitting diode (LED), comprising: 
m active region; 

a ^ir of oppositely doped layers on opposite 
sides of s^d active layer which cause said active 
region to >^it omnidirectional light at a 
predetermined wavt^ength in response to an electrical 
bias across said doped layers; and 

a doped substrateK said active region and doped 
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layers disposed successively on said substrate such 
that sa^ substrate absorbs at least some of said 
light frorrKsaid active region, said substrate doped 
with a plurality of impurities such that it absorbs 
the light of sa^d active layer and re-emits more than 
one color of omnios^rectional light. 

^■^■d ■ ■ 

Ts^^n said actxve region emits 



15. The LED of claim 14 
UV light and said 
chromium, titanium, 
absorbing said UV ligh 
light . 




e is doped throughout with 
pbalt, said doped substrate 
emitting red, green, and blue 



16. The LfiSi of claim 14, wherein said active region emits 
UV light, and\said substrate is doped with a plurality of 
rare earth or\transition elements in a plurality of 
separate color centers that each absorbs UV light and re- 
emits a different coj^or of 1 ight , 



24 . The LED of clairry^ 
doped using solid stat 
evaporation, sputterinc; 



'Vh^;^in said doped substrate is 
.sion, ion implantation, beam 
or laser doping. 



2^ (Amended) TV^^thod for generating light from a solid 
stateNj^ight emitting device, comprising: 

ling a light emitting diode having an active 
layer surroibided by a pair of oppositely doped layers, all 
of which are deposed on a doped substrate that is doped 
with a plurality oSs^impurities ; 

exciting an omnidirectional optical emission from said 
active layer within a fi^vst wavelength range; 

applying at least a potion of said optical emission 
to stimulate emission from s^d doped substrate within 
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differehj: wavelength ranges depending on said plurality of 
i mpur i t i e s\and 

transmitbs^g a combination of said optical emission 
and, substrate em^sion as said LED's light. 



c 



27. The method of claim 25, wherein said subst^^e is 
doped with a plurality of rare earth or ^ansition 
elements . 



28. The method of claim 
doped with a plurality 



praseodymium, europium, thul 





wherein*^ said substrate is 



mpuri'ties from the group 
consisting of chromium, ti^^]|iuip*r iron, erbium, neodymium. 



ytterbium and cerium. 



29. The method of cla-ilri 25, wherein said doped substrate 
is doped using sol^^fa state diffusion, ion implantation, 
beam evaporation^ sputtering, or laser doping. 



'7 



l^ht emitting diode (LED), comprising: 
a plurality of active layers each of which is 
)le of emitting light at a predetermined 
wavele 

a mea^s for selectively causing each of said 
plurality of^^tive layers to emit omnidirectional 
light alone or osj combination with others of said 
plurality of active ^S^ayers ; and 

a doped substrat^Vv said plurality of active 
layers arranged vertically oq said substrate such that 
said substrate absorbs at leS^ some of, said light 
from at least one of said pluralrt;y of active layers 
and re-emits omnidirectional light\at a different 
wavelength . 
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31. The LED of claim 30, that emits a combinat io^of light 
from said plurality of active layers and saidy ^ubstrate , 




c 



33. The LED of claim 30, wherein each of said plurality 
of active layers comprises multiple quamtum wells, single 

rtU'Tes . 



quantum wells or double heterostruc 



34 



The LED of claim 3( 



whfearei-n said substrate comprises 
a material from the group .^is'isting of sapphire, spinel, 
silicon carbide, gallium nitride, quartz YAGI , garnet, 
lithium gallate, lithium/nicfea zinc oxide, and oxide 

single crystal . 



35. The LED of cl<aim 30, wherein said substrate is doped 

/ 

with at least one rare earth or transition element. 




36. The LED of claim 30, wherein said substrate is doped 
with at Least one impurity from the group consisting of 
chromium^ titanium, iron, erbium, neodymium, praseodymium, 
europl'Um, thulium, ytterbium and cerium. 



LED of claim 30, wherein the light emitting from 




LED CT>ttiprises the light emitting from at least one of 
^said plural it y^.^^^^active layers or the light emitting from 
at least one of s^aid plurality of active layers 



combination 
substrate . 



with the >iLaht 



of 
emitted 



from said 



m 
doped 



38. The LED of 
layers compris 
and ,UV light 
sapphire doped 
and re-emits red 




urality of active 
ting blue, green 
.rate comprising 
absorbs said UV light 
blue, green, UV 
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and red light from said substrate, in a whi^ light 
combination, when all said active layers are ^rffitting. 



39. The LED of claim 30, wherein said pl-mrality of active 
layers comprises three active layers ^mitting blue, green 
and UV light respectively ,# wherei;^ each of said active 
layers can selectively e^^ l^ht , said LED emitting 
primarily red, green, or-m;^^ ^^ht when one of said active 
layers is emitting, or sai^LED emitting primarily purple, 
aqua, yellow, or white lagt t when more than one of said 
active layers is emittjmg. 



40 



The LED of cla4m 30, wherein said plurality of active 



layers comprises/two active layers emitting blue and yellow 
light respectively, said substrate doped with chromium such 
that it absorbs at least some of said yellow light and 



emits redyiight 



41X The LED of claim 30, wherein said plurality of active 
lay^s emit one color of light, said substrate doped 
througmmt with a plurality of impurities such that said 
substrateNa^bsorbs the light from said active layers, and 
re-emits morevthan one color of light. 

42. The LED of cT^m 30, wherein said plurality of active 
layers emit UV light^nd said substrate is doped throughout 
with chromium, titanium^^nd cobalt, said doped substrate 
absorbing said UV light and emitting red, green, and blue 
light . 



43. The LED of claim 30, wherein ^feiaid plurality of active 
layers emit UV light, and said substrate is doped by one or 
more rare earth or transition element\in a plurality of 
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separate cdS^r centers each of which absorbs 
re-emits a diFiterent color of light. 



light and 



44. The LED of claim 43, further comppd!sing a means for 
selectively applying a bias to a porj^oon of said 
plurality of active layersypbove each of said plurality 
of color centers causingyfedid accive layer to emit light 
that is primarily absoj^edlbw^aid color center below 
said selectively biased pomion of said active layer and 
-re-emitted as a dif f eren^^dolor . 



46. The LED of clairpTBO, \Aherein said plurality of active 
layers emit blue /light and UV light, said substrate 
absorbing at leafSt some of said UV light and re-emitting 
red light, sadd LED further comprising downconverting 
material aro^d the surface of said LED that absorbs some 
of said bljae light emitting from that surface and re-emits 
yellow li^ht - 



47. ZThe LED of claim 30, further comprising electrical 
ci^uitry integrated with said LED on a common substrate. 

Please de^t^ claims 1-3, 8, 18, 32 and 45. 

Please s6d the following claims: 




52. The LED of claim 16, further comprising a means for 
selectively applying^ bias to ^^^;f^^'^^\L'Lon of said active 
region above B3ich^^dy%ai^ of color centers 

causing said act ive^^yer^to emit light that is primarily 
absorbed by said colorL(ifenter below said selectively biased 
portion of said act^^ve' layer and re-emitted as a different 
color . 
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lO 53. The LED of claim 52, wherein said opposi^fe^ely doped 

layers comprise an n-type and a p-type layer vwherein said 



;r >v 

p-type layer is the top layer of said LED a'nd said n-type 
layer is between said active region and s^'id substrate, and 
wherein said means for selectively y^plying said bias 
comprises a contact to said n-type layer and a plurality of 
contacts to said p-type layer, each of said plurality of p- 
type contacts arrangedyjover a^respective one of said 
plurality of color cent 

54 . The LED of claim wherein said means for causing 

each of said plurali^y^ bf active layers to emit light 
comprises an n-type layer Vnd a plurality of p-type layers, 
said n-type layer^ disposed between the first of said 
vertically arranged active layers and said substrate, said 
p-type layers and successive active layers alternating on 
said first ofVsaid active layers, with a p-type layer being 
the top laver, said plurality of active layers separately 
emitting ln.ght by causing a bias to be applied across said 
n-type l^iyer and one of said plurality of p-type layers. 




55. /rhevLED of claim 54, wherein said means for causing 
eaen of s&id plurality of active layers to emit light 
mrther composes an n-type layer contact and a plurality 
bf p-type laj^^er contacts, said n-type layer contact 
contacting said X-type layer and each of said plurality of 
p-type contacts 5;ontacting a respective on of said 
plurality of p-type JSayers . 



